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OXYGEN  FLASK  METHOD  FOR  DETERMINING 


ELEMENTS  IN  OIL  - AN  EVALUATION 
L INTRODUCTION 

I.  Background.  Military  Laboratories  arc  only  equipped  with  apparatus  suit- 
able! for  performing  quality  surveillance  tests  of  the  supplied  lubrication  products 
according  to  military  specifications.1  These  surveillance  tests  include  the  determina- 
tions of  concentration  of  phosphorus,  sulfur,  and  chlorine  in  individual  lots.  The  mili- 
tary lubrication  oils  were  selected  for  this  study  as  representative  products  containing 
these  elements.  In  addition,  MERADCOM  is  engaged  in  research  on  these  oils  because 
it  has  the  custodial  responsibility  for  military  automotive  engine  and  gear  lubricating 
oils.2 


The  conformance  tests  for  determination  of  these  elements  specify  ASTM 
methods.3  These  methods  arc  reliable  for  routine  analyses;  however,  they  are  often 
tedious  and  time-consuming  and  require;  special  complex  equipment  which  may  be 
bulky  and  expensive.  Military  Laboratories  need  a rapid,  simple,  and  inexpensive* 
method  for  nonroutine  determination  of  phosphorus,  sulfur,  and  chlorine.  Such  a 
method  could  be  incorporated  into  military  specifications  for  lubricating  oils.4 
Ideally,  this  method  should  utilize  readily  available,  portable,  and  uncncumbering 
equipment. 

Tin*  oxygen  flask,  combustion  technique;,  originally  developed  by 
Schoniger,5  appeared  promising  for  such  applications.6  Tin*  combustion  technique 

1 M Hilary  Specifications: 

Ml L-I1DBK-200D,  Military  Standardization  Handbook  "Quality  Surveillance  Handbook  for  Fuels,  lubri- 
cants, and  Belated  Products,  ' 1 March  1971. 

M I L-L-50096  A,  laboratory,  Petroleum,  Base,  30  Dec  1963. 

Ml L-L-5 1050A(GL),  Laboratory , Petroleum,  Semitrailer  Mounted,  13  Dec  1965. 

Military  Sepcificalion*: 

Ml  L-L-2 1 0U!,  Lub  rim  ting  Oil,  Internal  C ombustion  Engine,  Tactical  Service,  20  Nov  1970. 

M1L-L- 16 1 52,  Lubricating  Oil , Internal  Combustion  Engine,  ]dn\inistrative  Sendee,  20  Nov  1970. 

Ml  L-L-2 105B,  l ubricating  Oil » Hear.  Multipurpose , 19  Feb  1962. 

3 1 nnual  Hook  of  ASTM  Standards,  American  Society  for  Testing  and  Materials,  Fart  25,  Philadelphia,  I’A  ( 1975); 

D 109  I *6  1,  “’Phosphorus  in  Lubricating  Oils  and  Additives.” 

1)129-61,  "Sulfur  in  Petroleum  Products  (General  lionib  Method).” 

1)1 552-64,  "Sulfur  in  Petroleum  Products  (1  ligli  Temperature  Method).” 

1)000-63,  "Chlorine  in  New  and  l s<-d  Petroleum  Products  ( Bomb  Method).” 

DL317-64,  "Chlorine  in  New  and  Used  Petroleum  Products  (Sodium  A 1 coho  laic  Method).” 

^ Military  Specifications: 

MI1.-L-2I04C,  Lubricating  Oil,  Internal  Combustion  Engine , Tactical  Sendee,  20  Nov  1970. 

Mil  -1.-46152,  Lubricating  Oil,  Internal  Combustion  Engine,  \d m inistrative  Service,  20  Nov  1970. 

Mil  -L-2105B,  Lubricating  Oil,  Gear , Multipurpose,  19  Feb  1962. 

’*  \\.  Schoniger,  Mikrochini  Acta  1955,  1 23,  / 956.  067. 

6 C.  I iddrllj.  Ills'.  Petrol..  48.  221  (1962). 
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consists  of  burning  the  sample,  absorbed  oil  a filter  paper  placed  in  a platinum  gauze 
basket,  in  a glass  flask  filled  with  oxygen  at  atmospheric  pressure  and  containing  a 
suitable  liquid  absorbent.  Combustion  takes  about  80  >e<  onds.  The  elements  present 
art'  then  determined  by  suitable  procedures.  This  technique  was  evaluated  for 
determining  phosphorus,  sulfur,  and  chlorine  content  in  oils  using  engine  and  gear- 
lubricating  oils  as  representative  materials.  This  report  describes  the  results  of  the 
development  and  evaluation  effort.  The  atomic  absorption  measurements  wen*  per- 
formed at  MER  \I)(!()M  by  Mr.  George  Oswald. 

II.  RES l 1 /IS  \M)  DISCI  SSION 

2.  Determination  of  Phosphorus.  Engine  and  gear-lubricating  oils  commonly 
contain  organopliosphorns-sulfur  compounds  and  their  derivatives  as  antioxidants, 
corrosion  inhibitors,  anti  wear  agents,  and  dispersant-detergents.  In  Ibis  study,  the 
oxygen-combustion  analysis  for  phosphorus  was  developed  by  modifying  the  Sohbniger 
method8  9 10  11  and  combining  it  with  an  \STM  spectroscopic*  procedure.12  In  this 
analysis,  the  sample*  is  burned  in  the  presence  of  sodium  carbonate,  and  the  combus- 
tion products  containing  sodium  phosphate  an*  absorbed  in  sulfuric  acid.  The  phos- 
phoric acid  formed  is  then  treated  with  an  ammonium  molybdate-hydrazine  mixture 
to  give  the  molybdenum  blue  complex.  The  absorbance  of  this  colored  compound, 
measured  at  820  nm,  is  proportional  to  tin*  concentration  of  phosphorus.  Tin*  results 
of  determination  of  phosphorus  in  oils  arc  presented  in  Table  1 (tests  105,  106,  108, 
109,  and  110).  The  repeatability  lies  within  the  values  recommended  by  the  standard 
phosphorus  oxidation  me  thod,  ASTM  1)1091. 13  Also,  the*  deviation  of  the  mean  from 
the*  value  obtained  by  the  ASTM  method  is  small.  Other  elements,  usually  present  in 
most  lubricating  oils,  did  not  interfere*,  in  this  procedure*.  The*  capsule*,  employed  in 
other  methods  as  a sample  carrier,14  15  was  not  used  here*.  It  was  found  that  the 
capsule  material,  gelatine  and  cellulose  acetate,  contained  phosphorus  and,  therefore, 
would  distort  the  results  (Table  I,  test  1 15). 

^ M.  Kolobiclski,  Determination  of  Zinc  Dialkyl  (Diaryl)  Dithiophosphatc  in  Lubricating  OiL  41)757(105,  Kcb 
1975. 

8 k.  1).  Fleischer,  el  at,  Anal.  Chem.,30,  152(1958). 

9 J.  E.  Barnev  II,  el  at,  Anal.  Chem.,3/,  1591(1959). 

S.  J.  (ledansky, et  at..  Anal.  Chcin.. 32,  1447(1960). 

^ “Proposed  Methods  for  Petroleum  and  Petroleum  Products,”  Appendix  IV,  American  Society  for  Testing  and 
Materials,  Philadelphia,  PA,  1965. 

“Annual  Book  of  ASTM  Standards,”  \mcrican  Society  for  Testing  and  Materials,  Part  25,  Philadelphia,  PA, 
Test  D3231,  1975. 

13  , ,, 

“Annual  Book  of  ASTM  Standards,”  American  Society  for  testing  and  Materials,  Part  23,  Philadelphia,  PA, 
Test  D1091-64,  1975. 

^ S.  J.  Gedansky,  et  ai,  Anal.  Chcm..  32,  1447(1960). 

^ “Proposed  Methods  for  Petroleum  and  Petroleum  Products,”  Appendix  IV,  American  Society  for  Testing  and 
Materials,  Philadelphia,  PA,  1965. 
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Table  I . I )c  termination  of  Phosphorus 


l ost  iNo. 

Material 

1 dements  Present 

% 

By  \STiM  D1091 

Phosphorus 
l>>  Prop* 

>sed  Method 
Mean 

ior> 

I ngiiie  ( )il: 

P,S,Ca,lla,Zn, 

0.052 

0.060 

Mil  -L45I99B 

C,ll,0,N 

0.06 1 

106 

0.059 

108 

- 

0.06 1 

109 

Ccar  Oil: 

0.060 

0.058 

Mil  -L-2105B 

0.062 

().()(>() 

NO 

0.1 10 

0.1 12 

0.110 

0.1  1 1 

1 ir> 

Oolatino  Capsule 

— 

0.0.13 

Cellulose  Acclalc 

0.071 

3.  Determination  of  Sulfur.  Several  methods  employing  the  oxygen-corn  bus- 
lion  technique  have  been  reported.  All  these  methods  have  a similar  combustion  pro- 
cedure for  sulfur,  present  in  the  organic  compound,  as  the  first  stage.  The  first  stage 
results  in  the  formation  of  sulfuric  acid.  These  methods  differ  only  in  the  way  of 
determining  the  sulfuric  acid.  The  simplest  method,  employed  by  many  authors,  in- 
volves a variety  of  ti trimetric  procedures:  with  sodium  hydroxide  in  the  presence  of 
inethyl  red,16  17  18  19  with  standard  barium  chloride  solution  in  the  presence  of 
Sulfonazo  III  indicator,20  or  with  barium  perchlorate  in  the  presence  of  Thorin21  22 
and  Arsenazo  III  indicators.23 


1.  bysy  and  J.  E.  Zarcmbo,  Anal.  Chcm.,  30,  428  (1958). 

17  C.  I iddell,  J.  Inst.  Petrol.,  48,  221  (1962). 

^ IN.  II.  Furman,  Standard  Methods  of  Chemical  Analysis,  D.  Van  Noslrand,  Co.,  Inc.,  N«*w  York,  N.Y.,  p 1014 
(1966). 

1 0 A.  K.  Crawford  and  (».  V.  Dyroff,  “An  Evaluation  of  Methods  for  Determining  Sulfur  in  f uel  Oils,"  Air 
Pollution  Control  Association  63rd  Annual  Meeting,  Paper  70*46  (J une  1970). 

“Annual  book  of  ASTM  Standards,"  American  Society  for  Testing  and  Materials,  Part  30,  Philadelphia,  PA, 
Test  E443-74  (1975). 

^ D.  H.  KatcliflV  and  A.  T.  S.  Cunningham,  Fuel,  47,  89  ( 1968). 

“ L.  11.  Scroggins,  J Assoe.  Official  Anal.  Chcm,,  56,  892  (1973). 

2,5  S.  M.  Ahmed  and  K.  J.  P.  Whalley,  Fuel,  48,  21  7 (1969);  57 , 190(1972). 
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\ spectroscopic  method  has  also  been  suggested.24  25  It  consists  of  reading 
the  sulfuric  acid  with  barium  eliloranilate  in  a buffered  solution  of  pit  4.3  and  then 
determining  the  liberated  ehloramlic  acid  b\  measuring  its  absorbance  at  330  run.  In 
another  spectroscopic  method,  the  sulfuric  acid  formed  is  reacted  with  a known 
amount  of  barium  chloride  solution,  and  the  excess  of  barium  is  determined  by  atomic 
absorption  spectroscopy.26  Still  another  method  suggests  reading  the  sulfuric  acid 
with  a known  and  excessive  amount  of  barium  bromate  to  produce  a precipitate  of 
barium  sulfate.  The  excess  of  barium  bromate  is  determined  iodometrically.27 

The  first  three'  methods  were  investigated  in  this  study.  Tin*  results  are  pre- 
sented in  Table  2.  The  titrimetrie  method  was  tested  on  a sulfur  standard  containing 
an  organosulfur  compound  in  a hydrocarbon  oil  (tests  176,  176a,  and  177)  and  on  a 
formulated  lubricating  oil  containing  phosphorus,  calcium,  barium,  and  zinc  in  addi- 
tion to  carbon,  hydrogen,  oxygen,  sulfur,  and  nitrogen.  1 Ik*  titration  of  the  product, 
obtained  upon  combustion  of  the  sulfur  standard,  gave  values  close  to  those  expected. 
However,  the  results  from  the'  lubricating  oil  were  too  high  because  of  formation  of 
phosphoric,  in  addition  to  sulfuric,  acid  during  the  combustion  and  oxidation  reaction. 

The  spectroscopic  method  with  barium  eliloranilate  was  applied  to  a sulfur 
standard  solution  (lest  10),  engine  oils  (test  1 1),  and  gear  oils  (test  12).  The  duplicate 
values  in  each  test  were  close,  and  the  deviation  of  the  mean  from  the  expected  value 
was  also  small  in  tests  10  and  11.  In  the  case  of  gear  oil  (test  12),  the  deviation  was 
too  high.  It  was  not  established  if  the  error  lay  in  this  method  or  was  due  to  a mis- 
taken value  reported  by  the  laboratory  which  performed  the  standard  determination  of 
sulfur  by  the  bomb  method  (ASTM  1)129). 28 

In  the  method  where  barium  excess  was  determined  by  atomic  absorption 
spectroscopy,  the  measurements  were  done  at  455  and  554  nm.  In  the  ease  with  the 
higher  wavelength,  potassium  acetate  was  added  to  the  solution  to  suppress  the  ioniza- 
tion of  barium.  The  duplicate  results  and  the  means  an*  close  to  the  values  given  for 
the  standard  solutions  (tests  26,  22,  and  21)  or  determined  by  other  methods  (tests 
17,  27,  23,  and  17a).  In  both  spectroscopic  methods  (with  barium  eliloranilate  and 
atomic  absorbtion  spectroscopy,  no  interference  by  metals  or  phosphorus  was  observed. 


“4  K.  J.  Berlolacini  and  J.  E.  Barney  II.  Anal.  Chcm.,29,  281  (1957). 

R.  W.  Khpp  and  J.  E.  Barney  Fi,  Anal.  Chcm., 3/,  596  (1959). 

^ 11.  W.  Laulenbacher  and  H.  W.  Baker,  Amer.  1 aboralory  No.  8,  45  (1972). 

Y.  A.  Oawargious  and  A.  B.  Farag,  Talanla,_/9,  641  (1972). 

~ “Annual  Book  of  ASTM  Standards,”  American  Society  for  Tesling  and  Materials,  Part  25,  Philadelphia,  PA, 
Test  0129-64, 1975. 
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Table  2.  Determination  of  Sulfur 


%s 

Procedure  of 

%S 

Test  No. 

Material 

Elements  Present 

By  Other  Method 

Proposed  Method 

Bv  Proposed  Method 

Mean 

176 

Standard 

S,C,H 

1.0305 

Titrimetric 

0.9984 

177 

0.8030 

0.9024 

0.9013 

176a 

0.9893 

0.786 

0.887 

0.873 

0.849 

175 

Engine  Oil: 

S,P,Ca, 

0.390  (ASTM  D129) 

0.510 

M11.-L-45199B 

Ba,Zn,C,H,0,N 

10 

Standard 

S,C,H, 

0.1989 

Barium  Chlor- 

0.1575 

0.1720 

anilate 

0.1864 

11 

Engine  Oil 

as  in  175 

0.390 (ASTM  D129) 

0.4137 

0.3783 

0.3960 

12 

Gear  Oil: 
M1L-L-2105B 

S,P,CI, 

C,H,0 

0.370  ( ASTM  D129) 

0.2295 

0.2741 

0.2518 

26 

Standard 

S,C,11 

0.1989 

AAS,*  at  554  nm 

0.165 

0.217 

0.1910 

22 

” 

0.9893 

0.973 

1.047 

1.0100 

17 

Engine  Oil 

as  in  175 

0.39 

0.29 

0.35 

0.32 

27 

” 

S,P,Ca,Ba,Zn,C, 

0.46  ( ASTM  1)129) 

** 

0.442 

0.432 

11,0,N 

0.421 

28 

0.27  ( ASTM  1)129) 

0.197 

0.232 

0.215 

21 

Standard 

S,C,11,0 

0.9893 

AAS,  at  455  nm 

0.951 

0.904 

0.928 

17a 

Engine  Oil 

as  in  175 

0.39 

0.38 

0.41 

0.395 

* Atomic  Absorption  Spectroscopy. 


4.  Determination  of  Chlorine.  Several  methods  were  reported  for  the  determi- 
nation of  chlorine  by  the  oxygen  flask  technique.  One  simple  method  involves  reac- 
tion of  the  chloride,  formed  upon  combustion,  with  mercuric  chloranilate  in  0.05  N 
nitric  acid  and  determination  of  the  absorbance  of  the  liberated  chloranilic  acid  at  306 
inn.29  The  chloride  can  also  lx*  determine  by  amperometric,30  or  potentiometric 
titration  with  silver  nitrate  solution,31  32  33  atomic  absorption,34  compleximetric 


“ } J.  E.  Barney  11  and  R.  J.  Bertolacini,  Anal.  Chem.,  29,  1 187  ( 1957);  30,  202(1958). 

D.  B.  Uatcliffc  and  T.  L.  Young,  Fuel,  47,  185  (1968V 

“Annual  Rook  of  A STM  Standards/’  American  Society  for  Testing  and  Materials,  Fart  30.  Philadelphia,  PA, 
Test  E -442  (1975). 

M.  Corner,  Analyst,  84,  41  (1959). 

33  J.  lias  lam,  et  a/.,  Analyst,  85,  556  (1960). 

3*  E.  D.  Truscott,  Anal.  Chem.,  42,  1657  (1970). 
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titration,35  or  titration  with  mercuric  nitrate.36 

The  spectroscopic  method,  with  mercuric  chloraniiate,  was  employed  here 
for  chlorine  determination  of  a chlorine  standard,  a gear  oil,  and  an  oil  additive 
(Table  3).  The  standard  chlorine  solution  was  analyzed  in  duplicate,  and  the  analyses 
were  replicated  on  different  days  (tests  187,  188,  and  189).  Samples  of  a gear  oil 
(tests  185  and  191)  and  an  oil  additive  (test  3)  were  also  analyzed  under  the  same  con- 
ditions. All  these  results  indicate  that  the  repeatability  of  this  method  is  good  and  its 
value  lies  within  the  repeatability  value  (0.07%  for  materials  with  0.1  to  2%  chlorine 
content)  recommended  by  another  method  involving  a bomb  oxidation  technique.37  In 
these  tests,  the  deviation  of  the  mean  values  from  the  corresponding  values  determined 
by  other  methods  and  other  laboratories  was  relatively  small.  Since  it  was  reported 
that  metals  interfere  in  this  spectroscopic  method,38  a test  was  performed  in  which  the 
cations  were  removed  from  the  combustion  product  by  treatment  with  an  ion 
exchange  resin  (test  2).  The  mean  chlorine  content  was  much  closer  to  the  expected 
value  than  the  chlorine  content  obtained  in  tests  without  the  treatment  (tests  185  and 
191). 


Tabic  3.  Determination  of  Chlorine 


% Cl, 

Test  No. 

Material 

Elements  Present 

°/o  CL 

Procedure  of 

By  Proposed  Method 

By  Other  Method 

Proposed  Method 

Mean 

187 

Standard 

C1,C,H 

0.899 

Regular 

0.847 

0.77] 

0.809 

188 

0.698 

0.781 

0.740 

189 

0.890 

0.851 

0.870 

185 

Gear  Oil 

Ci,S,C,H,0 

1.49  (ASTM  1)808) 

1.09 

I 08 

MIL-L-2105B 

1.07 

191 

” 

1.12 

1.18 

1.15 

3 

Standard  prepared 
from  extreme 
pressure  gear  oil 
additive 

CI,S,C,H,0 

0.6037  (ASTM  1)808) 

0.692 

0.623 

0.657 

2 

Gear  Oil 

as  in  185 

1.49 

with  ion  ex- 

1.23 

change  resin 

1.25 

1.24 

35  J.  Falcon,  cl  al„  Anal.  Chem., 47,  171(1975). 

N.  P Sosnina  and  T.  N.  Krasnova,  Kliimiia  1.  Tekhnologiia  Topliv  1.  Mawl,^_7j  49  (1972). 

37 

“Annual  Book  of  A STM  Standards,”  American  Society  for  Testing  and  Materials,  Part  Philadelphia,  PA, 
Test  0808-63(1975). 

^ J.  E.  Barney  11  and  R.  J.  Bertolaeini,  Anal.  Chem.,29,  1 187  ( 1957); 30^  202(1958). 
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III.  EXPERIMENTS 


5.  Apparatus.  The  apparatus  is  shown  in  the  figure  (page  8).  The  main  parts 

are:  500-  to  1000-mi  conical  flask  of  borosilicate  glass  with  a spherical  joint  and  a 

flaring  lip;  glass  stopper  with  a hook  and  a spherical  ground  joint;  platinum  gauze 
basket  as  a sample  carrier;  pinch  clamp;  safety  metal  cabinet  with  transparent  plastic 
door  and  inclined  platform  for  the  flask;  and  infrared  light  igniter  with  a cord  and  a 
line  switch  for  remote  firing. 

6.  General  Combustion  Procedure.  The  black  paper  sample  wrapper  (sample 
area  32  by  30  mm,  with  “fuse”  8 by  38  mm)  is  folded  to  form  a cup  and  then  placed 
in  the  platinum  carrier  with  the  “fuse”  projecting.  The  sample  carrie  r with  the  paper 
is  tared,  and  the  sample  (10  to  50  mgs)  is  introduced  into  the  paper  cup.  The  platinum 
carrier  is  suspended  on  the  hook  of  the  stopper,  and  the  latter  is  set  aside.  The  com- 
bustion flask  is  first  charged  with  a suitable  absorbent  and  then  filled,  for  about  3 to  4 
minutes,  with  oxygen  which  is  passed  in  through  a delivery  tube  reaching  nearly  to  the 
bottom  of  the  flask.  The  stopper  with  the  sample  in  the  platinum  carrier  is  inserted 
into  the  flask  and  secured  with  the  pinch  clamp.  The  flask  is  placed  on  the  inclined 
platform  inside  the  metal  cabinet.  The  flask  is  positioned  within  the  chamber  by 
adjusting  the  crank  handle  and  the  platform  so  that  the  focal  point  of  the  lamp  beam 
(1.5  inches  in  front  of  the  red  filter)  is  on  the  black  paper  “fuse.”  Tin1  remote  firing  is 
performed  by  means  of  the  line  switch  which  is  located  4 feet  from  the  cabinet.  After 
the  combustion  is  complete,  the  flask  is  allowed  to  cool  for  about  1 minute,  then  the 
platinum  basket  is  dropped  into  the  absorbent,  and  the  flask  is  well  shaken  in  order  to 
absorb  the  combustion  products.  Further  procedures  vary  with  particular  element 
determination.  A procedure  blank  is  run  simultaneously  with  each  sample.  The  blank 
consists  of  reagents  to  which  no  unknown  sample  is  added. 

7.  Safety  Precautions.  Many  combustions  have  been  carried  out  without 
mishap.  However,  the  following  precautions  should  be  exercised.  The  combustion 
flask  must  not  contain  any  residue  or  vapors  of  organic  solvents  which  may  produce  a 
violent  explosion  upon  ignition.  The  combustion  must  be  carried  out  in  a hood  in  the 
safety  cabinet.  The  operator  should  wear  goggles,  face  shield,  and  gloves  for  protection 
during  the  combustion  operation. 

8.  Determination  of  Phosphorus. 

a.  Procedure.  The  unknown  oil  sample4  is  weighed  on  to  0.03  g of  sodium 
carbonate  in  the  black  paper  wrapper  cup  prior  to  combustion  and  then  covered  with 
an  additional  0.02  g of  Na2C03.  The  absorbent  used,  10  percent  sulfuric  acid,  is 
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placed  in  the  combustion  flask.  After  the  combustion  is  completed,  the  flask  is  inter- 
mittently shaken,  and  then  the  stopper  is  washed  down  with  distilled  water.  A freshly 
prepared  50  ml  of  molybdate -hydrazine  reagent  is  added,  and  the  mixture  is  trans- 
ferred to  a 100-ml  volumetric  flask.  The  combustion  flask  is  rinsed  with  water,  tin* 
washings  are  added  to  the  volumetric  flask,  and  the  solution  is  diluted  to  1.00  ml  with 
water  and  mixed  well.  After  the  solution  is  mixed,  the  stopper  is  removed,  and  tin* 
flask  is  placed  in  a water  bath  (71  to  90°  C)  for  25  minutes.  The  flask  is  then  cooled 
to  room  temperature,  and  the  absorbance  of  the  blue-colored  complex  is  measured  at 
020  nm  in  a 1-cm  cell  using  distilled  w ater  in  the  reference  cell.  The  absorbance  of  the 
unknown  sample  solution  is  corrected  by  subtracting  the  absorbance  of  the  blank.  The 
concentration  of  phosphorus  is  determined  by  comparing  the  corrected  absorbance  of 
flit'  unknown  sample  with  the  calibration  curve. 

b.  Molybdate-Hydrazine  Reagent.  A 20-g  sample  of  ammonium 
molybdate  tetrahydrate  ((Nll4 )6 M()7Om  *41120)  is  dissolved  in  a solution  of  con- 
centrated sulfuric  acid  (225  ml)  in  water  (500  ml).  Next,  the  solution  is  transferred 
to  a 1000-ml  flask  and  diluted  to  the  mark  with  water.  In  another  1000-ml  flask, 
hydrazine  sulfate  (H2NNH2*  1 1^ , 1 .5^)  is  dissolved  in  IE  of  water.  The  reagent  is 
prepared  by  mixing  25  ml  of  ammonium  molybdate  solution  with  10  ml  of  hydrazine 
sulfate  solution  in  a 100-ml  volumetric  flask  and  diluting  to  the  mark  with  water.  The 
reagent  is  unstable  and  should  be  used  within  4 hours. 


c.  Calibration  Curve.  A 4.3930-g  sample  of  dry  potassium  dihydrogen 
phosphate  (KH2P04)  is  dissolved  in  150  ml  of  10%  sulfuric  acid  in  a 1000-ml  flask  and 
diluted  to  the  mark  with  water.  A 10-ml  sample  of  this  solution  is  then  diluted  with 
water  to  1000-ml  volume  to  give  a standard  phosphorus  solution  of  10.0  fi<z  phosphorus 
per  ml.  Exact  amounts  of  the  standard  solution  (0,  1.0,  2.0,  3.0,  and  4.0  ml)  arc  trans- 
ferred into  100-ml  volumetric  flasks.  This  is  followed  by  addition  of  10  ml  of  10% 
sulfuric  acid,  50  ml  of  molybdate  hydrazine  reagent,  and  then  water  to  the  100-ml 
mark.  These  phosphorus  solutions  are  submitted  to  the  same  sequence  of  operations 
as  the  unknown  sample  — heating,  cooling,  and  measuring  the  absorbance.  The  cali- 
bration curve  is  obtained  by  subtracting  from  each  absorbance  the  absorbance  of  the 
0-mi  phosphorus  standard  and  plotting  these  corrected  absorbances  against  the  concen- 
tration of  phosphorus  in  each  standard  solution  (in  fx g per  ml). 

9.  Determination  of  Sulfur. 

a.  Titrimetric  Procedure.  The  oil  sample  (0.02  to  0.05  g)  is  weighed 
directly  on  to  the  black  paper  folded  wrapper.  The  flask  is  charged  with  10  ml  of  3% 
hydrogen  peroxide  solution.  After  combustion,  the  solution  is  boiled  gently  to  remove 
carbon  dioxide  and  to  destroy  hydrogen  peroxide.  Then,  it  is  cooled  and  titrated  with 
0.02  N sodium  hydroxide  solution  in  the  presence  of  methyl  red  indicator.  The 
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volume  of  the  titrant  used  in  the  blank  titration  is  subtracted  from  that  of  the 
unknown  sample. 

b.  Spectroscopic  Procedure  with  Barium  Chloranilate.  The  weighing  and 
combustion  stages  arc  similar  to  those  described  above.  After  combustion  and  heating, 
the  flask  content  is  transferred  to  a 100-ml  volumetric  flask.  Ethanol  (95%,  50  ml)  is 
then  added,  followed  by  10  ml  of  the  buffer  solution,  water  to  the  mark,  and  0.3  g of 
solid  barium  chloranilate.  The  volumetric  flask  is  shaken  for  15  minutes,  and  then  the 
content  is  filtered  through  Whatman  No.  42  filter  paper  to  remove  the  excess  of 
barium  reagent.  The  absorbance  of  the  filtrate  is  measured  at  330  run  in  a 1-cm  cell 
against  the  reagent  blank  (50%  of  95%  C2H5OH  + 10%  of  buffer  solution  + 40%  of 
water)  in  the  reference  cell.  This  absorbance  is  corrected  by  subtracting  from  the 
measured  \alue  the  absorbance  of  the  blank.  The  concentration  of  sulfur  is  determined 
by  comparing  the  corrected  absorbance  of  the  unknown  sample  with  the  calibration 
curve. 


The  buffer  (pH  4.3)  required  in  the  reaction  is  an  aqueous  solution  of 
0.02  M concentration  of  both  acetic  acid  and  sodium  acetate.  To  obtain  the  calibra- 
tion curve,  a 2.06057-g  sample  of  anhydrous  ammonium  sulfate  is  dissolved  in  100  ml 
of  water.  A 10-nil  sample  of  this  solution  is  then  diluted  with  water  to  1000-ml 
volume  to  give  a standard  sulfur  solution  of  5 jug  of  sulfur  per  ml.  Exact  amounts  of 
the  standard  solution  (5,  10,  15,  20,  25,  and  30  ml)  are  added  separately  to  100-ml 
volumetric  flasks.  This  is  followed  by  addition  to  each  flask  of  the  following  materials: 
10  ml  of  buffer  solution,  50  ml  of  95%  ethanol,  water  up  to  the  100-ml  mark,  and 
0.3  g of  barium  chloranilate.  These  sulfur  solutions  are  submitted  to  the  same 
sequence  of  operations  as  the  unknown  sample  — shaking,  filtering,  and  measuring  the 
absorbance  against  the  reagent  blank  in  the  reference  cell.  Finally,  the  absorbance  is 
plotted  against  the  sulfur  concentration  to  give  the  calibration  curve. 

c.  Spectroscopic  Procedure  with  Barium  Chloride.  The  oil  sample  (20  to 
50  mg)  is  weighed  on  to  the  folded  black  wrapper  which  is  then  wetted  with  two  drops 
of  water  to  reduce  the  combustion  rate  and  to  minimize  soot  formation.  The  com- 
bustion flask  contains  20  ml  of  barium  chloride  solution  of  known  concentration  (for 
example,  50  ppm  Ba)  and  a few  drops  of  30%  hydrogen  peroxide.  After  combustion, 
the  flask  is  shaken  and  then  allowed  to  stand  for  20  minutes.  It  is  again  shaken,  and 

the  solution  is  transferred  to  a 7-dram  glass  vial.  The  vial  is  cooled  in  an  ice-bath  and 
centrifuged  at  1500  rpm  for  30  minutes.  The  supernatant  fluid  is  aspirated  into  the 
atomic  absorption  spectrophotometer  without  disturbing  the  centrifugate.  The  absor- 
bance of  the  solution  is  measured  at  455  nm  or  554  nm.  In  the  latter  case,  potassium 
acetate  (0.25  g CH3COOK  per  100  ml)  is  added  to  the  combustion  flask.  The  sulfur 
content  is  calculated  from  the  formula: 
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y g _ (ppm  Ba  used  — ppm  Ba  blank)  x 20  x 0.02335 
weight  of  sample,  in  ing 

(using  20-inl  volume  of  a standard  barium  solution). 

The  standard  barium  solutions  (10,  20,  40,  50,  75,  100,  250  ppm  Ba)  are 
prepared  by  dissolving  an  0.8895-g  sample  of  BaCl2.  2H20  in  500  ml  water  and  then 
taking  measured  volumes  of  this  stock  solution  and  diluting  them  with  water  to  exact 
volumes  in  volumetric  flasks.  The  “ppm  Ba  used”  is  the  difference  between  the  barium 
concentration  of  the  standard  barium  chloride  solution  (in  the  20-ml  sample)  and  the 
concentration  in  the  supernatant  fluid,  after  the  reaction,  as  determined  by  the  atomic 
absorption  spectrophotometry. 

10.  Determination  of  Chlorine.  The  oil  sample  (10  to  50  mg)  is  weighed  on  to 
the  folded  black  paper.  The  combustion  flask  contains  5 ml  of  0.1  N sodium  hydrox- 
ide1 solution  and  5 ml  of  3%  hydrogen  peroxide.  After  the  combustion  is  completed, 
the  solution  is  boiled  for  a few  minutes  on  a hot  plate  and  then  cooled.  The  content 
is  transferred  to  a 100-ml  volumetric  flask  and  treated  with  5 ml  of  1 N nitric  acid  and 
50  ml  of  Methyl  Cellosolve  and  completed  with  water  to  the  mark.  Mercuric  chloranil- 
ate  (0.2  g)  is  then  added,  the  flask  is  shaken  for  15  minutes,  and  the  excess  of  the  mer- 
curic reagent  is  removed  by  filtration  through  Whatman  No.  42  filter  paper.  The  absor- 
bance of  tin1  filtrate  is  measured  at  306  nm  in  a 1-cm  cell  against  a reagent  blank  in  the 
reference  cell  (filtrate  from:  5 ml  1 N HN03,  50  ml  Methyl  Cellosolve,  45  ml  water, 
and  0.2  g mercuric  ehloranilate).  The  absorbance  is  corrected  by  subtracting  from  the 
measured  value  the  absorbance  of  the  blank.  The  chloride  concentration  is  then  ob- 
tained by  comparing  tin1  corrected  absorbance  with  the  calibration  curve1  prepared 
from  standard  ammonium  chloride  solution.  In  those  cases  when  interfering  cations 
(Ba,Ca,Pb,Zn)  arc  present  in  the  unknown  sample,  they  an1  removed  by  using  the  ion 
exchange  resin,  Ainberlite  IK-120,  hydrogen  form.  The  regular  procedure  is  modified 
by  adding  0.5  g of  this  resin  to  the  combustion  flask  after  the  combustion  is  com- 
pleted. The  mix  tun.1  is  filtered  through  S and  S No.  589  filter  paper,  arid  the  filtrate  is 
transferred  to  a 100-inl  flask.  Further  operation  sequence  follows  the  regular 
procedure. 


The  standard  ammonium  chloride  solutions  (0.04-,  0.1 0-,  0.20-,  0.40-,  and 
0.60-mg  chloride  per  100  ml)  are  made  by  diluting  the  standard  stock  solution 
(1.5105  g of  ammonium  chloride  in  1000  ml  water).  A sample  of  each  standard  solu- 
tion of  known  concentration  is  treated  the  saint1  way  as  the  known  chlorine-containing 
material.  The  sample  is  admixed  with  5 ml  1 N 11N()3, 50  ml  Methyl  Cellosolve;,  com- 
pleted with  water  to  the  100-ml  mark,  and  then  treated  with  0.2  g of  mercuric  ehlora- 
nilate in  a 100-ml  flask.  After  filtration,  tin1  absorbance  of  each  filtrate1  is  measured  at 
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306  run,  and  the  values  are  plotted  against  the  chloride  concentration  to  give  the  cali- 
bration curve. 


IV.  CONCLUSIONS 

11.  Conclusions.  This  study  was  concerned,  mainly,  with  the  evaluation  of  the 
oxygen-combustion  method  as  a novel  technique  for  potential  use  by  the  Military 
Laboratories.  Specifically,  this  technique  was  considered  for  potential  inclusion  in 
military  specifications  for  automotive  lubricating  oils.  The  short  duration  of  this  study 
did  not  generate  sufficient  data  for  performing  a statistical  analysis  to  determine  the 
precision  of  these  analytical  methods.  However,  it  is  apparent  that  the  oxygen  flask, 
combustion  method  is  a rapid,  simple,  and  inexpensive  laboratory  technique  for 
determining  such  elements  as  phosphorus,  sulfur,  and  chlorine  present  in  military  oils 
and  related  products. 

Among  the  different  procedures  tested  on  the  samples  containing  sulfur  and 
chlorine,  the  methods  which  involve  barium  chloranilate  for  sulfur  and  mercurv 
chloranilate  with  ion  exchange  resin  for  chlorine  appear  to  l>e  the  most  reliable. 
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1 Commander 

US  Army  (ieneral  Materials  & 
Petroleum  \ctivity 
ATTN:  STSCP-PW 
Sharpe  Army  Depot 
Lathrop,  CA  95330 

1 (Commander 

US  Army  Chemical  Research  <X 
1 )evdopnient  I laboratories 
ATTN:  Directorate  of  Weapons 
Systems  (SMI  CK-WS) 
Edge  wood  Arsenal 
\berdecn  Proving  Grou rid,  Ml) 
21010 

1 Commander 

IJS  Army  Arctic  Test  Activity 
APO  731 

Seattle,  W A 98731 

1 Commander 

US  Army  Alaska  Support 
Command 
ATTN:  ARCL-y 
APO  Seattle,  WA  98749 

1 Commander 

US  Army  Materiel  Maintenance 
Agency 

ATTN:  AEZMPT-Q 
APO  New  York  09052 

1 Director,  Special  Forces  School 

US  Army  lust  for  Military  Assist 
ATTN:  Training  Division 
Fort  Bragg,  NC  28307 

1 Commander 

US  Army  Aeronautical  Depot 
Maintenance  Center 
Naval  Air  Station 
ATTN:  AM  SAC-0 
Corpus  Christi,  TX  78419 
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Addressee 

No.  Copies 

Addressee 

1 

Commander 

l S \riny  Foreign  Seienee  X 
Technology  Center 
Federal  Bldg 
VI  I N:  AMXST-GE 

1 

1 

Information  Ofe 
Legal  Ofe 

Department  of  the  Navy 

Charlottesville,  V A 22901 

1 

Director,  Physics  Program  (421) 

1 

Commander 

( )ffice  of  Naval  Research 

\\  hite  Sands  Missile  Range 
ATTN:  ORDBS-OM-Electro- 

\rlington,  \ \ 222 1 7 

Meclianieal  Labs 

3 

1 ) tree  tor 

1 

STKWS-LC-EC 

Naval  Research  1 ahoratory 

White  Sands,  NM  88002 

\TTN:  Code  2627 

Code  6200 

3 

Commander 

Code  0180 

l S Arm)  Environmental 
1 lygiene  Agency 

Washington,  DC  20373 

Bldg  2400 

1 

Commander,  Naval  Facilities 

Aberdeen  Proving  (» round,  Ml) 

Engineering  Command 

21010 

Department  of  the  Navy 
VI  TV  Code  10332 

USAMERADCOM 

Washington,  DC  20390 

i 

Commander 
Technical  Director 
Assoc  Tech  Dir/R&D 
Assoc  Tech  Dir/Engr  & Aeq 

1 

l S Naval  Oceanographic  Office 
1 ibrarv  (Code  1600) 
Washington,  DC  20873 

Assoc  Tech  Dir/Matl  Asmt 

1 

Officer-iri-Charge  (Code  L31) 

Assoc  Tech  Dir/Tech  Asmt 

Civil  F nginceririg  Laboratory 

CIRCULATE 

Naval  Construction  Battalion 
( ('liter 

Port  Hucncmc,  CA  93043 

i 

Chief,  Lab  1000 
Chief,  Lab  2000 
Chief,  Lab  3000 
Chief,  Lab  4000 
Chief,  Lab  3000 
Chief,  Lab  6000 
Chief,  Lab  7000 

1 

1 )irector 

Earth  Physics  Program 
Code  463 

Office  of  Naval  Research 
Yrlington,  VA  22217 

Chief,  Lab  8000 

Commandant 

Chief,  Lab  9000 

US  Marine  Corps 

Chief,  TARSO 

1 

\TTN:  Code  AX 

CIRCULATE 

1 

Code  A 04 II 

W ashington,  DC  20380 

10 

F uels  & Lnbs  Div 

1 

Naval  Ship  1 rigineering  Center 

10 

M.  Kolobielski 

Department  of  the  Navy 
ATTN;  SEC  6101 E 

3 

Tech  Reports  Ofc 

Washington,  IX!  20360 

3 

Security  Ofc 

1 

Commander 

Naval  Ship  1 ngineering  (Center 

o 

Tech  Library 

Code  6101 F 
Center  Bldg 

1 

Requirements  & Programs  Ofc 

Prince  George’s  Center 
Ilyattsville,  MD  20782 
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2 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 


Addressee 


No.  Copies  Addressee 


Commander 

Naval  Ordnance  Systems  Command 
ATTN:  Technical  Library 
(ORD-9132) 

Washington,  DC  20360 

Commander 

US  Naval  Air  Station 

Overhaul  & Repair  Department 

North  Island 

San  Diego,  CA  92135 

Superintendent 

US  Naval  Post  Graduate  School 
ATTN:  Technical  Reports 
Section 

Monterey,  CA  93940 

Commander 
Naval  Ship  R&D  Center 
Annapolis  Laboratory 
ATTN:  Technical  Library 
Annapolis,  MD  21402 

Department  of  the  Air  Force 

HQ  USAF/RDPS  (Mr.  Allan  Eaffy) 
Washington,  DC  20330 

Mr.  W illiam  J.  Engle 
Chief,  Utilities  Branch 
HQ  USAF/PREEU 
Washington,  DC  20332 

AFSC/INJ 

Andrews  AFB,  MD  20334 

AFCEC/XR/21 
Tyndall  AFB,  FL  32401 

HQ  USAF/PREES 
ATTN:  Mr.  Edwin  B.  Mixon 
Bolling  AFB-Bldg  626 
Washington,  DC  20332 

Commander 

Air  Force  Weapons  Laboratory 
ATTN:  AFWL-DEE 
AFWL-DEZ-S 

Air  Force  Systems  Command 
Kirtland  Air  Force  Base,  NM 
87117 


1 


1 


1 


Others 


Professor  Raymond  R.  Fox 
School  of  Engineering  and 
Applied  Science 
The  George  Washington 
University 

Washington,  DC  20052 


Chief,  Marine  & Earth  Sciences 
Library 

NOAA,  US  Department  of 
Commerce 

Rockville,  MI)  20852 


Architectural  and  Engineering 
Development 

Information  Center  for  Civil 
Defense 

540  Engineering  Building 
University  of  Florida 
Gainesville,  FL  32601 


‘17 


